Preparation of the Pd catalyst 1
A mixture of Pd (PPh 3 ) 4 (260 mg, 0.225 mmol), tetra (ethylene glycol) (418 mg, 2.20 mmol), 1-butanol (3 mL, 32.7 mmol), and aluminum tri-sec-butoxide (9.50 g, 38.5 mmol) was stirred at 110 o C for 10 h. Then water was dropwise added and the reaction system was heated to 110 o C and stirred constantly for another 0.5 h to form a black gel. Subsequently, filtering, washing with acetone, and drying the gel gave the catalyst 1 as dark greyish-green powder under air atmosphere at room temperature (See Scheme 1) [47] . The amount of Pd in the obtained Pd/Al(OH) 3 catalyst was found to be 0.68 wt% based on ICP-AES analysis. 
Preparation of the

Screening of reaction condition
Among the tested bases, K 2 CO 3 afforded the quantitative product (Table 6 , entry 1), and K 3 PO 4 indicated a moderate yield (Table 6 , entry 2). t-BuOK provided the product in 5% yield (Table 6, entry 3). At last, the amount of mixture solvent was examined. There was a tendency that the higher amount of mixture solvent resulted in higher yields (Table 6 , entries 5, 6 and 1). The yield arrived at the highest value (> 99%) when 2 mL solvent was used, which was probably related to the solubility of K 2 CO 3 in the mixture solvent (Table 6 , entry 1). 
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In order to extend the substrate range, we intended to apply our methodology to a wide range of difficult aryl chlorides. Surprisingly, the coupling reaction indicated no product, even with high catalytic loading (0.5 mol%), elevated temperature (110 o C), extended time (34 h) ( Table 7 , entry 1) and the addition of 1.0 equiv.
of I 2 which is regarded as an effective additive in some coupling reactions (Table 7 , entry 2). Luckily, the desired coupling product was obtained in 55% yield when PEG-400 was used (Table 7 , entry 3). It was noteworthy that 0.2 equiv. of I 2 was enough to avoid getting large amount of the homocoupling product and the yield was increased to 81% (Table 7 , entry 4 vs. 3). Furthermore, up to 90% yield was obtained if 140 o C was adopted (Table 7 , entry 5) and 180 o C resulted in 15% yield (Table 7 , entry 6). After a series of exploration, 90% yield was obtained with 0.2 equiv. of I 2 in K 2 CO 3 /PEG-400 system at 140 o C (Table 7, entry 5). 
